The esential role of -glutamine in microbial nutrition and metabolism has been well established (Waelsch, 1952) . Recently Ayengar et al. (1951) have described in detail the stimulating effect of the amide on the utilization of i-glutamic acid by Lactobacillus arabinosus. However, almost no published data exist which deal with the influence of iisoglutamine on bacterial growth. We wish to describe the growth response of L. arabinosus to Lisoglutamine and also to present evidence for the existence in rat urine of a compound which, in its growth effects on L. arabino*us, resembles iisoglutamine.
METHODS
The basal medium for the determination of glutamic acid was that of Henderson and Snell (1948) , modified by the replacement of the aspartic acid with 1 g of -asparagine, the increase in riboflavin concentration to 4 mg, and addition of 0.4 mg each of pyridoxal and pyridoxamine per liter of double strength medium. In this medium, after 18 hours, the growth response of the test organism, L. arabinosus, to graded amounts of iglutamine sterilized by filtration does not exceed that of equimolar concentrations of -glutamic acid.
After incubation in an air incubator for 18 or 72 hours at 37 C, the acid produced during growth was titrated directly in the asay tube with N/20 sodium hydroxide. The end point was determined with bromthymol blue as the indicator.
Urine was obtained from folic acid deficient rats and from the same rats after treatment with the dietary supplements indicated below. Weanling rats were rendered folic acid deficient by the method of Daft and Sebrell (1943) with slight modifications (Bakerman et al., 1951) . The basal diet then was supplemented with 5 per cent ascorbic acid, 2.86 per cent sodium bicarbonate, 10 pg per cent vitamin Bu, and 0.9 per cent histidine with the addition of one or more of the following amino acids at a concentration of 98 0.9 per cent: Serine, tryptophan, phenylalanine, isoleucine, valine, and methionine. Several weeks after supplementation of the diet, when signs of folic acid deficiency diminished1 (Daft, unpublished data, 1953) , urine samples were collected.
RESULTS
An example of the growth response of L. arabinosus to L-isoglutamine and a-glutamic acid is shown in figure 1. After 18 hours at 37 C, little activity was observed in the presence of L-soglutamine, and the growth response to this compound corresponded to less than its glutamic acid content. After 72 hours, the activity increased markedly, but not proportionally. A sharp rise occurred at levels of 80 pug or more. At levels of 150 pg or greater, the growth activity of L-isoglutamine exceeded that of L-glutamic acid. Thus, in comparison to that of L-glutamic acid, the growth response of L. arabinosus to L-isoglutamine is low in short incubation periods but increases markediy after 72 hours, at which time the apparent glutamic acid content of the sample increases with sample size.
The glutamic acid activity in the urine of the folic deficient rat corresponds to that of Lglutamic acid in the sense that, following suitable dilutions (50 pug glutamic acid activity per ml), the shape of the response curve of the specimen fits the growth response curve given by L. arabinosus to i-glutamic acid. However, the activity of urine from rats treated to reverse the deficiency signs (see METHODS) no longer gives a response in the 3 day growth assay that corresponds to that of L-glutamic acid. An example of the activity of such a specimen from a rat so treated is shown in figure 2. After an incubation period of 18 hours, the sample showed fair agree-1 It has been found that animals treated in this manner respond by gaining in weight and by showing, to some extent, a correction of the granulocytopenia. ment with the response obtained with r-glutamic acid as the standard. However, after an incubation period of 72 hours, the response increased markedly and no agreement as to the apparent glutamic acid concentration of the sample existed among the several aliquots of sample employed in the assay. The apparent concentration of glutamic acid increased with the volume of specimen employed. The apparent glutamic acid content after 72 hours corresponded to 15 pAg for 0.2 ml of sample and to more than 50 ,g for 0.4 ml of sample.
It appeared that if the activity in the urine responsible for this divergent response was due to L-isoglutamine, the latter should be present in fairly high concentrations (>100 pg per ml). However, preliminary attempts at the isolation of this compound employing ion exchange column and extraction methods were completely unsuccessful. Fractions were obtained cor- responding to r-glutamic acid and a heat labile derivative of the latter (Silverman et al., 1952) , but the isoglutamine-like material could not be detected. The response of L. arabinomue was used for identification. These negative results suggested as one possibility that the concentration of the unidentified material was lower than anticipated and that the increased glutamate responses observed might be due to the operation of more than one factor, as for example the stimulating effect of glutamine in the glutamic acid response of L. arabinosus (Ayengar et ca., 1951) . Therefore, isoglutamine, glutamic acid, and mixtures of the two in the proportions of one to two were assayed for glutamic acid activity. The results are shown in table 1. In this instance, after 3 days, a stimulating effect of isoglutamine became evident in concentrations of 30 pg or more. Divergence from the glutamic acid standard curve also is indicated. In the presence of 40 pg of L-isoglutamine, which by itself showed negligible activity, 80 pg of L- Urine containing the stimulating compound can be freed of the bulk of glutamic acid active compounds by passage through "dowex 50". 165 Mg urine + 50 Mg L-glutamic acid 80 ml urine, adjusted to pH 1.5 with HCl, passed through 10 ml dowex 50 (NH4 form).
Treated urine and 200 ml H20 wash of dowex combined and concentrated in vacuo to 80 ml.
The compound remains in the percolate. Data illustrating the effect on urine of treatment with the cation exchanger are shown in table 3. More than 98 per cent of the glutamic acid activity was removed, yet the stimulating material was not retained by the resin. If Lisoglutamine is treated with dowex 50 under similar conditions (pH 1.5 to 2.0 at 50 ug per ml), the L-isoglutamine does not appear in the percolate. It is either retained or degraded by passage through a column of this resin. However, when i-isoglutamine was added to rat urine and then passed through dowex 50, the results obtained were inconclusive. In several trials the L-isoglutamine activity was lost from the percolate; in others it was found in the percolate.
The stimulating effects of both L-isoglutamine and urine are for the most part (75 per cent or more) destroyed after treatment for 20 hours with 0.5 N KOH at 23 C. HCI at the same concentration and temperature is without effect on either L-isoglutamine or the urine material.
Both compounds withstand autoclaving at 10 pounds steam pressure for 10 minutes at pH 6.0 with little or no loss of activity.
DISCUSSION L-Isoglutamine and the "late stimulating" material in urine behave quite alike in their influence on the growth of L. arabinosus and in their stability toward acid, alkali, and heat. A clarification of the relationship between isoglutamine and the unknown material awaits the isolation and identification of the latter. Efforts directed toward the isolation of this material are now in progress.
The occurrence of isoglutamine or a closely related compound in the urine of rats recovering from folic acid deficiency would not be altogether unexpected. In the deficiency state, a formylated and amidated derivative of glutamic acid, derived from histidine, accumulates in the urine (Tabor et al., 1953) . On recovery from this deficiency state, the rat presumably could remove the one carbon particle, giving rise to a compound with the same composition as isoglutamine. DL-Isoglutamine was reported by Takeuchi (1941) as a product of the metabolism of histidine by guinea pig liver. Abrams and Borsook (1952) have suggested, on the basis of indirect evidence, that Lisoglutamine occurred in the metabolism of histidine by guinea pig liver. However, their supporting data do not exclude the likelihood that the compound observed by these authors was the formylated and amidated glutamic acid derivative mentioned above. The stability data as well as the chromatographic behavior of the compound presumed by Abrams and Borsook to be isoglutamine are quite similar to those of the formylated and amidated derivative of glutamic acid (Silverman et al., 1952) .
The nature of the delayed response due to isoglutamine is as yet unclear. The delay suggests that L-isoglutamine is converted during the lag period into a compound which can be utilized by L. arabinosus. In the presence of glutamic acid or glutamine, no growth lag occurs, and the influence of I-iso glutamine is exerted at lower concentrations. It is conceivable that the explanation offered by Kihara et al. (1952) for the more efficient utilization of tyrosine peptides as compared to free tyrosine by bacteria applies to the isoglutamine-glutamic acid relationship. Thus L-isoglutamine might be converted slowly to L-glutamic acid by L. arabinosus, and the small amounts made available are used primrily for growth rather than competing metabolic reactions. In contrast, L-glutamic acid when added directly to the medium is available for metabolism into products which cannot supply the growth requirements of the test organism, thus reducing the effective concentration of amino acid available for growth.
